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(54) GAS FLOW MEASURING DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a gas flow 
measuring device having a digital circuit capable of 
taking out an easy and highly-accurate gas temperature 
detection signal with simple arrangement and a small 
cost increase. 

SOLUTION: A voltage V3 at the connection point 
between a gas temperature measuring resistor 22 and a 
fixed resistance 24 connected mutually in series in a 
bridge circuit is used as a reference voltage of an 
analog/digital conversion circuit 1 22, and the voltage 
corresponding to a voltage V1 between the bridge circuit 
and the ground is supplied as an input signal of the 
analog/digital conversion circuit 122. A function 
substantially similar to that of an analog divider is 
imparted to the analog/digital conversion circuit 122 by 
utilizing effectively the analog/digital conversion circuit 
122, thereby to dispense with the analog divider, and 
hereby a gas temperature signal can be calculated with 
simple arrangement independently of the voltages V1, 

V3. Since the gas temperature digital signal has linearity to the gas temperature change, an 
arithmetic circuit for performing complicated operation on correspondence between the gas 
temperature and the digital signal is not required. 
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Dt = Dl2 / Dl3 = {RX2 /(RXI +RX2 )} 

m 6 ttt&mom 2 <Dumm\zm%mm*mm 

"P&S,, H6^-r*«tt, H5oMoijSi:Btfll« 
ESS 1 2 3 ©A^J t LTs ftttSfil&fflffiffif* 22i@ 

v 3 ©m^t, wfi$tf*2 1 trnfemm 3mu* 

DT = Dl2 / Dl3 = {RX2 /(RX. +RX2 )} 

a i -T} — (18) 
c©H6fc^f @K»j££;feirvn±, 7tny • xV# 
A'&felsIB 1 2 3 ttftf*8lE»&tfil!l&2 0fr5 ©SUM* 

»^^ffl-r§^J6©xV^;^»@gSlcA*-r^T 

[0075] &Lk<D&?K, *mi<D%2<omamWkk. 



* fciffltaU iiinLfcrxP? • x^#;I/g&II!Sg 1 2 3 
©£&A#*fc:«f8I^fflffi6if*:2 2 fcBBeffi*i2 4 

[0 0 7 1] H5fiD09tfe^r«s 7to^- 

x^/WHftHttl 2 2,1 2.3©fflft£xV*;W8J|t 
HBtl 4 ZKXtl~?2> a 

[0 0 7 2] ftfc, 7ta^ • T'JZfrWmWi 1 2 
2, 1 2 3 ©KME&SiJji, #tt&*tl5*\ 7tny 

10 • 7*s?*;i4awai» 122, 123 teimsmnsmt 

[0 0 7 3] r-fu9" T 9 JZ)Vg&m&\ 2 2, 12 
3©«?gfcqz > q 3 14, iWMfiWnevK 01^7 

ccs (10) , 

q 2 = Vcce /2° — (10) 
q 3 = Vcn /2" — (11) 

7tn^ • x^#;l/^&ll]l& 122, 123 ©x^£;b 

w*d T2 , d T3 ttznzn, ^(12), (1 

20 3) £&3 0 

Dia = {Rx2 • Vl/(Rx. +Rx2 )}/q 2 — (12) 
Dm = V 3 /q3 —(13) 
±ffis£ (12)M(13) ■eaHt«7 f S?*/Hfl*D 

T2 » dth £xV*;i/»*@i& i 4 2icxs.mmw 

tSZtlcJ:*), 2e£ (1 4) t&K), T&ZJl&Mm 
mi 4 2©x^2;WftfjD T ttiBSTOl^fc&So 
• (Vi As) • (q> / qi) 

• {l+(Rco /R 2 ) • (1+ou • T } — (14) 
*±f2S(15K (1 6) O&SKffltrZt. 

30 (17) tm%nz, 0 

{l+(Rco /R2) • (1+ac • T } — (17) 

[0 0 7 4] C©06K3VriW©»$KftV v r, xV^ 
;V}HS0SSl 4 2tC*5ttSM^tH*Di SS(17) t 

mmimmsn, x& (i 8) t*z, 0 

• (1+ (Rm /R.) • (1+ai • AT)+(Rk» /R,) • 

JfiSx{*2 1 t@SgM2 3 fcOgSBbSfcftfrSWEVs 
X(iV 2 $7tD^ • x^^/WHWaK 1 2 3©A*« 

5fK7tn^ • x^^;l/^@SS 1 2 2©A*ff^ 
i:LT«l&fSo f LT % 7xa^-x^;l/^0ES 
i2 2©m^#^D« i:, 7to^'f^^;^iliI 

ss 1 2 3©atfj^D T3 tzriszfrmw®® 1 4 2 

50 [00 7 6] «flM«*©x$>*;WBrt*ff*@B#l 
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[0 0 7 7] LfctfoT, nXMfftf 

[o o 7 s] &*Js ±56tfe*»rao« i <ommm<o 



^ ftiftfcjSCT, b^;l/->v MUSS, ;^7rS^ 

Di = {2° • /(Rxi +R« 2 )} • {1+Rco /(R 2 + R 3 )+ (Rco /(R 2 + R 3 )) 
-(19) 

c©«fc-M^ H7fc^r^M^fev^Tfe, Hifc^t 

[0 0 8 3] H8't4, fll©^fi6J$i©2£>&S 

^0y©$WS#£$BT*&5o B8fc3*tJ;5fcU c©0 
8CitiB, 0 1 taVrWKjtt LT, 7-fP^-r^ 

[0 0 8 4] C©08©Wc:fc^T«:, (2 0) 

fi£irr§o 

Dr = 2"/{l+(Rco /R 2 ) • a c • T } — (20) 30 

»§i 2 2©ft(Wia««7*^;l/HJ*DT (OiSSS* 

[0 0 8 5] $fc, H9tt, ^l©SI»li©£e>&3 
SJBWT***. HgoWfcft^Ttt, 0 1 ©M£5tf*S 

Dr = <2" -Rx 2 /(Rii +R* 2 )} • {1/(R 2 • 
-(21) 

B8©0J£P«ftMII»&fT*H:J;i\, 
[0091] ftfc, JW±©7W;Hitli:SBJ8*ftfe$M* 
SfiM^-r^^;l/W*DT H\ aft^MMSSBi o© 

[0 0 9 2] c©*§£\ Hi olcSVTJ;?^ 



(8) SH2 0 0 3-2 4 0 6 2 0 
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^{*rss^a«w#£ c fc^-et s. 
[o o 7 9] h 7 \&&m<zm i onssjgis-essafl: 

[0 0 8 0] H 7 fc^TWtiu 0 1 ic^LftMfcfcfb 
T> «^g^t±5fg$tf*2 2 £05©gR2 4 fcOHlcB 

ssm 2 4a ^itin Lxmm u 2 -Dom^mn 2 4 , 

10 2 4 a ©^j8JS£i£8lft3*E V 4 £7"f P ? • rS^* 

[0 08 1] Sfc, Mftfije^ffiffiSft 2 2 2O0S 
£fiSx2 4 S 2 4 a fc©£j£ffiSt©jfi«Sfc:Kft3«EEV 

. t^js-rswE^r-fa^ • f's'^n^afcBiB 1 2 2 

[0 0 8 2] ±56tfc«l«fc-r*ci:fcJ:D, MWSfi 
M#7*^*/Va*DT H\ (1 9) ^&So 



ac • T} - 



«fflR2 4 cRtf 2 4 b#8&ffiv*ns„ 

[0 0 8 6] H9©MtfeV">Tfi> M^if'ISSg 

1 1 0©a**B?liifij¥iBffifS2 5 bo#fiKA*IB? 

2 S 5 3*ftLTJ8JftSftSo 

[0 0 8 7] £fc, SJ£fi8t2 4ct24b fcOSNSbS 

K*JIff8g2 5 bcoa^?«, ^7-h^y^x^2 

[0 0 8 8] £fc, adH}fi»2 5 a©SKA^«fi: 
a*«aS?i: ©HE*ftSSSl^n[# 2 2 jWW«*n 

§0 

[0 0 8 9] COB 9 te^LfcfcfRlCtet "TfttJ 
[0 0 9 0] C©09fc^Lfcfl©«j8©#&* M«S 

fi7*s?^;l/a*DT fi^S (2 1) ^*§c 

• (l/(Rco • (1+ae -T))+ l/Rs))} — 



LT, r^^;P • T^P^lftlelB 1 5 ZKXJltZx, 

?lt, c©r^^;i/ • r-ruvmmm 5 2 to: 
7-tp^a^vrou, ^tss^t-rsct^wr 

[0093] tfes B 1 1 fc^r*^^ 

hiss 1 4 0 ©a*M^«/^xa*niss 1 5 5 \cx-h 
xaftFTo,,, *#s»^fr§ci:fewrsiT^5c 

[0 0 9 4] C©9^, /VI/Xa^JHKl 5 5©fl»JtL 



(9) 
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T, fa— ^-r-ltiH*ia»o***Hi 2iC^fo c 
Ofa- 7V— tfetHAHBl 5 5«, *>>y^ 1 5 5a 
fc, £"7y#7:/# 1 5 5dt, N0T@E§1 5 5c 
NOR0ES1 5 5 bt, OR0SS1 5 5 e £*m%- 

[0 0 9 5] &*5, *«7>* 1 5 5 afttf^^f^ 
£ 1 5 5 d<Dltitl&2mWt.tt2>o 
[0 0 9 6] ij*jy*\ 5 5aT?S, ^n>y^f#%A 

^-w^-7n-L/ci:^ti:0lCK«o 10 
[0 0 9 7] Z.(Dij^y^ 15 5a ©tH^Jnlfy h 

1 5 5 a©A*^n<y^#^*NORHISSl 5 

5 ciz^mi^rcmiim^h^ norihe&iss 

[0 0 9 8] CftklJ;!), fl*jy% 1 5 5 aOtiJM2 
" -1^5>^--^-7n-bT0CHofcBtO*tCN0 
RIUES& "1" Z&tltZo ilcDNOR[El8&l 5 5 b<D 
tt57Jfl^^7y*7>^ 1 5 5 dOU-b-y M§^£T 

[0 0 9 9] ^y*^^ 1 5 5 dm Af^^ 1 20 
5 5 alcAttZnZWytim*. Z<D?t}ytm^ 
•hLTATjLT&tK NORHISgl 5 5 b^SfDU-tr-y 
M§^A7j£ftfct£fc, 7^*;Wit»H]E&l 4 0fr 
P.«^n^fa^A*fiil LTSttAfti.., fit, 

[oioo] fc/cb, 9*jyto*?y* l 5 5 dOA^y 

0(0%%£~fZ>o C<DWytiyy*t 1 5 5 d(DBitim 
^ORdlSSl 5 5 elCA1lT%Z.£fc£<9. f)*?y% 30 

i «±-e snam*** "i" , ^v^^wo-es 
n^ttiTj^ "o" £&3o 

[0 10 1] Lftitibt, xa-TV-itttttlllE&l 5 

t/miis 1 5 5 (omimz^-to 
[0102] hz?>x\ mfflmmmfc2 oomm 

4fc^;fJ;5t, $J;U£, 2 5°C<D*§-£«:7^>y b&tt 

##wu 8 ox<DWi%\mwffi.mi$mi)\&z>fc-oft, 40 

HMtfffiiiSWfciWjnb, -3 0 o C(D«-a-«M*^«^±i 
[0 10 3] bfrb, ^ftSfi^D,- £fjfl!f 
<D-~m%m 1 5 tC^-To 

[0104] 01 \cmv&mmciKi%.?, m. 

ummmm 22 1 mmmm, 2 4 ^ <Dmmm^f^>n 50 
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JIV 2 - x^;I/^[Hmi 2 1 £A*ibT 

StUltti 2 iA^cDffi*ff^D 2 £xV*;14SII@S& 1 
4 0 lcA*if 3o 

[0 10 5] 7^n^-x^^;P^lH]SSi 2 2 

[0106] y-^^jvmnmm 1 4 o«, a*m#d 2 
;i/ • 71-ummmi 5 nc^br, ^Mtmfi^ 

[0 10 7] £fc, 7^*;Witll[H]8& l 4 0fre,f^* 

mmmi 5 2*frLr. «{#ss©77-amtiv 

T„ ut l£%Z>ni&tt%Z-£1f-£%% a 
[0 10 8] zn<b(D\n\$&(D-mm7Ll$, Ii-V7°M 

ioo(t mMmms$2 5t, ^yyrm^-5ot, 7 
•fuf - ^y$)i^.m®$& i2i, 1 2 2 

^*HISS 140t l) 1 4 It, 7*5?*^ • 71-U 
tmWm 151, 152t, 5£*ff«f ®B 1 6 0 

[0 1 0 9] CCX\ 7-fX\V- f^^f^Wl 2 
1 • Ti-U?gMmUk 15 1, 15 2 ©S*P 

bt, SStJM-SSfSttOWV^^tEEIPP 

[01 10] c®£«EE£P«aigiBi 6ott mz. 

[0 111] C(0^*ffiS^*S[Hll^l 6 0O«M 
£E! 1 6 t^-To El 1 6 tcfei^T, feME.MmnWM3& 
16 0tt> ^<*-FSI^nfc2{ScD^y>>X# 1 

62, 1 6 3 mwmm^ 1 6 1 ma 1 e 4 , 1 

6 5, 1 6 6£*fll*3o 

[0 112] ^ LT, h7>^1.6 20aW^li 
C 1 6 6, 1 6 5, 1 6 4 LTh 7 yi?X$ 

1 6 3<Dau2z\cmm.zn% a 

[0 113] H7^X3fl6 30x57^a, 

»v*jg0ssi 6 otD-ftcomti^icmwizhZo 

[0 1 1 4] Sfc, fflfi 1 6 5 i:fgK 1 6 4 fcOBSRjS 
tt % JSWiitggg 1 6 l OfiRA*IB?taK(!f4x*. C 
OJtdVMK l 6 l (DUiti^t, ®M l 6 6 l 
6 5 t ©88b£fcB8KSttS t ^ ^, ^t£ES*«i 

mifti 6 0©ffi^offl*.4iS?KSi^*n§ o 

[0 115] h?yi?XZl 6 2KffitL%WM£h7y 

1 6 3\zMn%mMhte, mwrn^i 6 1 ^ 

^«CfctJ;D» S*xl 6 5, 1 6 6 0^tffiKJ:DS 
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[0116] L©tt, mwmmmi q i©m*«jE 

it, h7^X^fl63 <D^~X PeWE&tf 
ffifetl 6 4©*J±P$T©fn£, h^y^X* 1 6 2©^ 

[0 1 1 7] SKI 6 4©«EP$~R£s t-7^X^ 1 
63t Y^yi/T.^ 1 6 2©^-Xa5«y^HtEO 
Mtc^fL < % C tltt^t- v;l/#;l/-r- V T = kT/q 

(C£1T% VfctSJEE, kB^Vyvy^ TttSfi, 
q«*?©W5S) fcJtWLfetffcft*©^ fitti 6 10 
5, ffital 6 6fch7^X?l 6 3> h7^X^l 
6 2 fcjStt3«Sttt 1 #©IE©Mlf14£Wf 5„ 

[0118] Hftfc, ^-x-x^y^PfMJBift©?! 

S#tt*Wr§Ci:^e, h^S?** 16 3, 16 2 

+ >y 7°a*«M[@]g& 1 6 0 OJti*?*S J£*«£EOiia 
f&ftti, SKI 6 4, 1 6 5, 1 6 6<OgSi«*g*.S 

as±5k:ga^-etSo 20 
[01 19] 121 1 5fc^t, T^^MgfflelBS 1 4 0 
T?f4, ^UT'fcSfHIigfii 4 1 KEft*nTV»*Bf 
j£©MS7°P^Afc:J;!K flSMfttfiM*tv z ©-tfn 

(2 2) JCfcDtfffU xS?^;I/tB*DoiiT © 
D™. =f(D 2 ,Di) — (22) 

&4o, dO)H»^f (Da , Dt ) tfe»t«i?n^ X 
1 4 1 £«#S*lTVSo 30 

[0120] zti&ewmmt* mmMM&mi 
0 ©a*wttwfii^t^ffl^&ga«iM 1 s CD®?* 
^LTtenssi 4 i^\»*iisns. sfc* 

M^HISS 1 4 0(i, -tfa^ x/^y© 1 &S©M#©# 

mmc&,*xmmwuHt8mKffi3:5 c t await** 

So 

[0 12 1] xS-^HiiSUSS 1 4 OtioTtffcfW 

is^dout tt-r^^;v • r-ruymm® 1 5 1 ta 40 

7j£tu Mf*^M^MJSLfcT7"n^«jEtti* QkWtk 
mmmtl) Vout #t#3 0 ±fBS (2 2) JctSjK 
f«Stt#MMOiSS{c <fc 0 , M{«»J/£iSB 1 0 © 

mticomtu&^mmt, m^imi ncmr&sx. 
0 °c<D^-&fe, nfflmvmkfcttTzmmvmtit 0 
[0122] £p»tc, hmki 0 o^jgg^mfs^fc 
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i*M©ffiM£fT&5fc«>©, @B#bft4)-0!$H 1 8tc 

[0 12 3] COHl 8^bfcHim«^«, HI S4C 
asbfcWcjtfU HSSSSl 0 01*3 fcfi*fe> 

•9-1 3 0 fc, LKDSfi-fe^l 3 0©tB*V Ti „ t % 

mzfrfficgm-rzTi'uy . 7*s?*;wewa» 1 2 

4*5EtaU fig-feym 3 O0x5?*/HittiD 
n.t StW/WAJITO 1 4 0 fcA2rf **WtT»* 

§0 

[0124] x^l/MSUKS 1 4 om IB1KSB1 

mmmm^Vz ©-tfa^ x/<mb, *±tf, sum. 
m&mim^mmmt&ft&mcDmiEzyGS. (23) k 

Dot = f(D 2 ,Dr ,Di« ) — (23) 

mi 8K&Lfc®&ffii$.K£*), mm&&mm<D& 
[0125] tczr\ &imm*®i&mwm<Dmgt. 
jism&mf&vmimfflfcSk^ -h*sv>©tn cine© 

[0126] c © J: d fciS^f ftfcf , 7~)~xi*f • 
[0127] z.<vr-fxi9 • 7*s>*;i/ga*ia*WlltJBS 

9Egt„ Ell 9fc:fe^T\ Mf*?5ft»&tfi 
BI&2 '0<^6O«EV. i:Sft£ESP«Sl@rBH 6 Ofr 
?»©S¥«JEi:^X^>yf-l 7 2T^<3#^T77"D^ 
• rS?*>WaWa»l 2 2©»WlEEWi»t«llW- 
5o Sfc, MftMa^ttilHK2 0©«EEV 1 <bV«S\& 
7hm^/V T tHISSl 0 0rt©iaS-fe^"9-l 3 0©ffl* 
Vtin. i:*X^-y^l 7 lT^t3fiT7ta^-f 

[0 12 8] Xi'-yf 1 7 1^17 2 *ji»**T^I D 
^5 d ^1 tC cfc t) . OSt), X^y^l 7 ltfb^/l^ 
7hVi X-f-y^l 7 2.HJREVs Ult^g 

*n, X-f-y-^l 7 lA^BK-b^-U-l 3 0tlt^Jt)^ 
6tl«fc^ X^<yy^l 7 2 t>{gSj±flljSieIE& 1 6 OfiHc 
«DS*5n«ci:fcJ;»), «ftSSi:@gSS1SiSfi© 

[0 12 9] ftfe, 01 5t^LfcM(±, 01 t^Lfe 

[0 13 0] 05^^Lfcr ; ^^7l'^lHlESl 
4 2<omiim^*7i-Vi>? • xV^^ftSSSl 2 2IC 



(11) 
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fttt u fSRfilatt 2 l HSfiffi 2 3 1 <a&m&<D* * 
BttT+ut? • mftMOMBl l 2 l immtzM®. 

[0l3l]Sft, 81 8RtfHl 9C^LfeMCOV"> 
[0 13 2] 

[0 13 3] $.ft, m&ss, mmm&m^frz. 

«fe D 4 C 5 2 o(DJS|gfe#^M*. ffin X h -ffffiWak: 
Mil's;: £tfT'#S Q 
[HBOfSWftM 

[ia i ] ^mmm i ©^tsmi^&sm&MMJ£ii 

So 

[0 2 ] £ 1 <DnM&MT3o%n»ffiMM%.$iW*%.» 20 

[03] m<ommcts\f&mifm&m$7 t ?*mti 
[04] *mw<Dmi<DmnxmzisifmftM%7K? 

0-T?&So 

[05] *^(D®2cD^JS^|g-e$.^M*^»iJ^S 

[a 6 ] *s§H£©ig 2 (DmMBmiasifzmmzt^t 

0-?feSo 30 

[07] *^wic«fcssi€Hiwfi8o«eftsa«M 
[08] immK^mx^mmmviEtt^wfM 

[09] #f8HHfcJ:33i 1 ©&N0gft<DS&&£&gN 
©WWljSHT***. 

[010] *fswc«ts«4«afittmfii^*^gp^ffl* 

•T5f£&(D[lESC)«0T?fe§o * 
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011] *^K«fc5«ftSL»ttffiM#%^i5'Nffi* 
01 2] ra— r^-Jtffi*Hie©«(ieilJSHT?i6 

So 

1 3] xa-7 1 'C-J:ttB^lH]SS©itl^0-(?SSo 

1 4] nw^mmmmiKD^ummmmn 
01 5] *mw\c&%mmmffl%Mm\cm^zMg. 

016] £«ffi»^«iilllK©-MoW»^0T^ 

So 

017] *^tcj;SM«*i!lSStttB*«M^ 
019] *^tcJ;smft^«iJSSBm*©M^ 

So 



1 0 




2 0 




2 1 




2 2 




2 3,24 




2 5 




2 6 




5 0 




5 1 




5 2,53 


mm 


1 0 0 




12 1, 12 2 




1 2 4 




1 3 0 




1 4 0 




1 4 1 




15 1, 15 2 




1 5 5 


/^l/XW73lHl8g 


1 6 0 





[03] 



[01 0] 



[01 4] 






^ 


DA 






140 




152 



Km 



500 
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[01] [H2] 




5 500 



(14) 
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[01 5] 




[HI 6] 



165 ItS |«i 




183 16Z 



(16) 
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IMI 9] 




